Abstract This study aimed to determine bioactive components and radical scavenging capacity of black raspberry seed extracts as byproducts obtaining during the juice (FSE) and wine (WSE) making process. Cyanidin-3-O-rutinoside was identified as a major anthocyanin and the total anthocyanin contents of fresh and wine seed were 78.24 and 41.61 mg/ 100 g of dry weight, respectively. The total phenolic and flavonoid contents of FSE and WSE were 2.31 g gallic acid equivalent (GAE) and 360.95 mg catechin equivalent (CE), and 2.44 g GAE and 379.54 mg CE per 100 g dry weight, respectively. The oxygen radical absorbance capacity (ORAC) values were 1041.9 μM TE/g for FSE and 1060.4 μM TE/g for WSE. Pretreatment of the FSE and WSE inhibited the generation of intracellular reactive oxygen species (ROS), DNA and protein damage induced by hydroxyl radicals, and Fe 3+ /ascorbic acid-induced lipid peroxidation in a dose dependent manner. WSE more effectively protected from oxidative damage than FSE. Results from the current study suggest that black raspberry seeds as byproducts from juice and wine processing could be potential sources for natural antioxidants.
Introduction
Living organisms produce reactive oxygen species (ROS) such as superoxide anion, hydroxyl radicals, and hydrogen peroxide through various metabolic pathways. Nucleic acids, proteins, or lipids in biotic systems may be converted to highly reactive free radicals and oxygen species by oxidation and can induce some degenerative diseases including cancer, inflammation, and aging (Abid-Essefi et al. 2004) .
Dietary natural antioxidants are known to prevent important biological molecules from oxidative damage, which plays an essential role in human health (Arts and Hollman 2005; Shim and Lim 2013) . Thus, the demands for novel food ingredients abundant in natural antioxidants and other valuable elements have been increasing for improving food quality and enhancing human health. Fruit seeds as major byproduct from fruit processing comprise antioxidant compounds including phenolic acids, flavonoids, and anthocyanin, etc., which contribute to developing antioxidant activities (Parry et al. 2006; Bushman et al. 2004) . Therefore, fruit seeds have been effectively utilized for industrialized use of natural antioxidants (Peschel et al. 2006; Moure et al. 2001) .
Korean black raspberry (Rubus coreanus Miq.), Bokbunja in Korean, is known to those aware of healthy food, and the
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consumption of Korean black raspberry has been continuously increasing. The concern about black raspberry may be related with its characteristic quality and medicinal activities including anti-inflammatory, anti-cancer, and antianaphylactic effects (Shin et al. 2002) .
On account of their short shelf life, ripe black raspberry fruits have mostly been used to make processed food including jam, non-alcoholic and alcoholic beverages ). The harvest quantity of Korean black raspberry has decreased as a result of the reduction of cultivation area due to the decline and aging of the rural population and reduced economic life due to climate change. According to the Ministry of Agricultural, Food and Rural Affairs (2013) , from 2009 to 2012, the harvest quantity in Jeonbuk Province, one of the largest black raspberry producing districts in Republic of Korea, decreased from 6000 t to 3676 t. However, 64 % of the harvest quantity is used for liquor (54 %) and jam/beverage (10 %) processing, and the rate has been increasing steadily.
Especially, there is massive generation of solid waste such as seeds and pulp from black raspberry fruits during nonalcoholic and alcoholic beverage production. Seed and pulp account for 14 % and 6 % of the entire ripe fruits, respectively. A portion of seed and pulp has been used as animal feed, but most of the by-product has been discarded (Ku and Mun 2008) . For that reason, exploration of seed waste as natural antioxidant material is worthwhile where the amount of processing of Korean black raspberry is annually increased.
Therefore, this study aimed to investigate antioxidant compounds and activities of seeds discarded from black raspberry juice and wine processing to increase the utilization of the byproducts. Various assays including oxygen radical absorbance capacity (ORAC), intracellular reactive oxygen species (ROS), DNA, protein, and lipid protection were carried out for measuring free radical scavenging capacities.
Materials and methods

Preparation of samples
Korean black raspberries, harvested and quick-freezed at producing district in June 2009 in Gochang, Republic of Korea, were purchased from local growers. They were divided into two groups. One group was crushed and juiced using a blender (MCH-602, Dongyang Magic Co., Seoul, Korea), and seeds were obtained from this processing. The other group of fruit was fermented by the traditional method to making homemade wine (i.e., black raspberry: sugar: 25 % alcohol =1: 0.2: 2.7, w/w/v), aged for approximately 100 days, and filtered through cheesecloth. Seeds collected from wine processing waste were washed with running water to eliminate fibrous constituents and pigments. The seeds were freezedried (Operon OPR-FDU-8603, Gimpo, Korea), powdered by a homogenizer (Polytron PT-MR2100, Kinematica AG, Luzern, Swizerland), sieved through 18 mesh (Testing sieve, Chunggye sanggongsa, Seoul, Korea), and subsequently kept in an air-tight container at −20°C.
An aliquot amount of seeds (100 g) was defatted three times with 1 L petroleum ether having 0.05 % BHT for 1 h in an ultrasonicator (Bransonic 5510E-DTH, Danbury, CT, USA). After oil extraction, seed residue was extracted twice with 2 L of 70 % aqueous ethanol (ethanol: distilled water =70: 30, v/v) by sonicating for 2 h at room temperature and filtered through Whatman No. 2 filter paper (Whatman Laboratory Products, Clifton, NJ, USA). Crude ethanol extract should be kept in the refrigerator overnight for further dissolution in the solvent and was centrifuged at 3500 rpm for 30 min at 4°C. The supernatant was evaporated under vacuum at 48°C (EYELA rotary evaporator N-1000, Tokyo, Japan) to yield the ethanol extract. Hereafter, for simplicity, ethanolic extract of seeds from residues of juice processing and wine processing are denoted as FSE and WSE, respectively. The yields of ethanol extracts from FSE and WSE were 7.12 ± 0.42 and 7.53 ± 0.11 % in turn.
Identification and quantification of anthocyanins
Anthocyanin was analyzed by using a high performance liquid chromatography (HPLC) method (Ha et al. 2010) . Freezedried fresh or wine seed powder (0.5 g) was extracted with 10 mL of 40 % methanol (0.1 % HCl) for 48 h at 4°C in the dark and filtration was performed using a 0.45 μm cellulose acetate syringe filter (Millipore, Billerica, MA, USA) prior to injection. HPLC was carried out using a Dionex Ultimate 3000 systems (Thermo scientific, San Jose, CA, USA) and a Luna C 18 column (250 × 4.6 mm i.d. Phenomenex, Torrance, CA, USA). The mobile phase contains 0.1 % formic acid in water (A) and 0.1 % formic acid in methanol (B). The gradient condition was as follow: a linear change from A: B (85: 15, v/v) to A: B (65: 35, v/v) for 30 min and then held for 10 min before returning to the initial conditions. The injection volume was 20 μL, flow rate was 0.4 mL/min, and wavelength was 520 nm. Anthocyanins standards were purchased from Extrasynthese (Genay, Cedex, France).
Determination of total phenolic content
The total phenolic content of the seed extract was estimated by the method of Kim and others (2009) . Four hundred microliters of 10 % 2 N Folin-Ciocalteau reagents and 800 μL of 10 % sodium carbonate were added into 20 μL of diluted sample. The mixture was kept at room temperature for 1 h. The absorbance was measured at 750 nm by using SpectraMax (Molecular Devices, Sunnyvale, CA, USA). The total phenolic content was expressed as gallic acid equivalent g (GAE)/100 g dry weight.
Determination of total flavonoid content
The total flavonoid content of seed extract was evaluated by a colorimetric method described by Liu and others (2002) with slight modification. Each extract (0.25 mL) was added with 1.25 mL distilled water and 75 μL of 5 % sodium nitrite solution and kept at room temperature for 6 min. Subsequently, 150 μL of 10 % aluminum chloride hexahydrate solution was added and kept for a further 6 min. The reaction was completed by adding 0.5 mL of 1 M sodium hydroxide. Distilled water was added to get the total volume to 5 mL. The absorbance was measured at 510 nm using SpectraMax (Molecular Devices). The total flavonoid content in the sample was expressed as catechin equivalent g (CE)/100 g dry weight.
Oxygen radical absorbance capacity (ORAC) assay
The ORAC assay was adopted from the method described by both Ou et al. (2001) and Zulueta et al. (2009) . In each well of 96 well plates, 50 μL of fluorescein (78 nM) and 50 μL of sample, blank, or standard were placed, and then 25 μL of 2, 2′-azobis(2-aminopropane) dihydrochloride (AAPH) (221 mM) was added. After the addition, the fluorescence was measured immediately at a 485 nm (excitation wavelength) and a 535 nm (emission wavelength) using SpectraMax (Molecular Devices). The measurements were taken every 2 min until the relative fluorescence intensity (FI %) was less than 5 % of the initial value and expressed as μM trolox equivalents (μM TE).
Intracellular reactive oxygen species (ROS) assay
The intracellular ROS was measured by 2′ , 7′ -dichlorodihydrofluorescin diacetate (DCFH-DA) method (Han et al. 2011) . Concisely, HepG2 cells seeded in a black 96-well were culture in incubator with 5 % CO 2 and 37°C. After 24 h, the media was removed from all wells, washed with Dulbecco's phosphate buffered saline (DPBS), and then 100 μL of 20 μM DCFH-DA/DPBS solution was added. After pre-incubation for 20 min at 37°C, 100 μL of diluted extracts with DPBS were added, and incubated for 1 h at 37°C. The mixture of DCFH-DA and extracts was removed and washed with DPBS, and then treated with 200 μL of 500 μM H 2 O 2 . The fluorescent intensity was measured immediately for kinetic analysis at 15 min intervals up to 2 h at a 480 nm (excitation wavelength) and a 530 nm (emission wavelength) with a SpectraMax (Molecular Devices). The results were expressed as relative proportion to the oxidative stress of the control cells..
DNA damage protection assay
The protective effect of FSE and WSE on DNA damage induced by hydroxyl radicals in the plasmid pBR 322 was determined by the method of Li and Wang (2011) . Briefly, the reaction mixture was composed of 0.5 μL plasmid pBR 322, 2 μL of 5 mM ferrous sulphate, 2 μL of 50 mM phosphate buffer, and 3 μL of samples. After mixing, 3 μL of 30 % H 2 O 2 was added to each tube and the mixture was kept at 37°C for 30 min. The DNA was analyzed on 1 % agarose gels, and DNA bands visualized by ethidium bromide staining were analyzed using a Molecular Imager Gel Doc system with Image Lab software (Bio-Rad, Hercules, CA, USA).
Protein damage protection assay
The effect of FSE and WSE on protein oxidation was measured by the method of Hu and others (2009b) . Two hundred microliters of 4 mg/mL bovine serum albumin (BSA) was mixed with 200 μL of H 2 O or 1 mg/mL seed extracts. The mixture was kept at 37°C for 3 h with 600 μL reagent solution (50 μM FeCl 3 , 1 mM H 2 O 2 , and 100 μM ascorbic acid). BSA without Fenton's reagent was used as the positive control. After incubation, the mixture was mixed with a loading buffer and further incubated at 95°C for 10 min. After 3 h, protein samples were subjected to sodium dodecylsulfatepolyacrylamide gel (SDS-PAGE) to quantify protein damage. The protein sample was analyzed on 12.0 % polyacrylamide gel and gel was stained with 0.15 % Coomassie brilliant blue R-250. Densitometric analysis was performed using a Molecular Imager Gel Doc system with Image Lab software software (Bio-Rad).
Lipid peroxidation inhibitory activity
Male ICR mice (n = 10), aged 6 weeks, purchased from Orient (Seongnam, Korea) and the protocols for animal experiment were approved by the Institutional Animal Care and Use Committee (IACUC) of Duksung Women's University. Mice were provided with standard mouse diet and water ad libitum. After 1 week adaptation period, mice were killed by cervical dislocation and their liver tissues were rapidly removed. Liver tissue was homogenized with 5 mL 1 × lysis buffer (150 mM NaCl, 0.5 % TritonX-100, 0.1 mM EDTA, 10 mM Tris, pH 7.5) per gram tissue, centrifuged at 3500 rpm for 30 min, and tissue lysate supernatant was collected. According to the method of Yoshiyuki (1981) , the reaction mixture was composed of 0.1 mL of liver homogenate, 0.25 mL of Tris-HCl buffer (pH 7.2), 0.05 mL of 4 mM FeCl 3 , 0.1 mM ascorbic acid, and samples. After the mixture was kept at 37°C for 1 h, 0.5 mL of 0.1 N HCl, 0.2 mL of 9.8 % SDS, 0.9 mL of distilled water and 2 mL of 0.6 % thiobarbituric acid (TBA) were added and vigorously shaken. The tubes were placed in a boiling water bath at 100°C for 30 min. After cooling, the flocculent precipitate was removed by adding 5 mL buthanol and centrifuged at 3000 rpm for 25 min. The absorbance of thiobarbituric acid reacting substance (TBARS) was measured at 532 nm using SpectraMax (Molecular Devices).
Statistical analysis
All experiments were conducted in triplicate (n = 3), and data were expressed as mean ± standard deviation (SD). The data were statistically analyzed by using statistical software, SAS version 9.1 (SAS institute Inc. Cary, NC, USA). One-way analysis of variance (ANOVA) was conducted, and significant difference was defined at p < 0.05 with Duncan's multiple range test.
Results and discussion
Identification and quantification of anthocyanin in fresh and wine seed powder Many studies have shown anthocyanin to exhibit a substantial in vitro antioxidant capacity and a wide range of potential therapeutic effects including anti-inflammatory, anticancerogenic effect, and antiobesity (Wang and Stoner 2008; Kong et al. 2003) . The HPLC chromatograms of anthocyanin standards, fresh seed, and wine seed were shown in Fig. 1 . In both samples, three anthocyanin peaks were detected and a major peak was cyanidin-3-O-rutinoside (C-3-R, peak #2), which account for about 85 % of the total peak area. Cyanidin-3-O-glucoside (C-3-G, peak #1) and an unidentified minor peak (peak #3) was comprised less than 15 % of total peak area. The total anthocyanin content was expressed as the sum of C-3-R and C-3-G, and that of fresh and wine seed was 78.24 ± 0.44 and 41.61 ± 0.29 mg/g of seed powder, respectively. The total anthocyanin content of wine seed was relatively lower than that of fresh seed due to the loss of anthocyanin pigment during fermentation process.
Total phenolic and flavonoid content of FSE and WSE
The total phenolic and flavonoid contents of FSE and WSE are shown in Table 1 . The total phenolic content of WSE (2.44 ± 0.02 g GAE/100 g, dry weight) exhibited somewhat higher than that of FSE (2.31 ± 0.08 g GAE/100 g, dry weight. The total flavonoid content of FSE and WSE were 360.95 ± 15.12 and 379.54 ± 12.51 mg CE/100 g dry weight, respectively. Phenolic content of FSE and WSE were higher than those of reported for other berry fruit seeds, such as blueberry (1.58 g GAE/100 g, dry weight) and cranberry (1.46 g GAE/100 g, dry weight) (Parry et al. 2006) , whereas total phenol contents of boysenberry (4.91 g GAE/100 g, dry weight), marion blackberry (5.03 g GAE/100 g, dry weight), and evergreen blackberry (5.44 g GAE/100 g, dry weight) were higher than those of FSE and WSE (Bushman et al. 2004 ). Ju et al. (2009) reported that the phenolic compound contents of Bokbunja increased as a result of the fermentation process. In addition, Puértolas et al. (2011) stated that phenolic compounds of red wines were changed during alcoholic fermentation. These changes of phenolic compounds might have been due to generation and increase of active compounds by bioconversion. Consequently, both total phenolic and flavonoid contents of WSE were slightly higher than those of FSE, but there were no statistically significant differences between fresh and wine seed of Korean black raspberry. 
Oxygen radical absorbance capacity
The ORAC assay is the most generally used a hydrogen atom transfer (HAT) process, which induced the oxidation of a fluorescent probe by peroxyl radicals (Ou et al. 2001) . The peroxyl radical oxidation of the fluorescent probe was blocked by antioxidant substances existing in FSE and WSE until the antioxidant activity is terminated. The residual peroxyl radicals destroy the fluorescence of the fluorescent probe. The ORAC values of FSE and WSE showed siginificant increase in a concentration-dependent manner (p < 0.05), as shown in Fig.2 . WSE was slightly higher than FSE, but there was no significant difference. At a concentration of 50 μg/mL, the ORAC values of FSE and WSE were 1041.9 and 1060.4 μM TE/g extract, respectively. The ORAC values of FSE and WSE were similar, this seems to be similar of their phenolic contents. Ehlenfeldt and Prior (2001) reported that ORAC value is increased in proportion to the total phenolic content. Parry et al. (2006) also reported that the ORAC values of 50 % acetone extract of cranberry, blueberry, black raspberry, and chardonnay grape seed were 110.5, 152.9, 296.2, and 1076 μM TE/g flour, respectively. These ORAC values were correlated to total phenolic content. These data suggest that fruit seeds including Korean black raspberry seeds are excellent dietary sources for oxygen radical absorbing components.
Inhibitory effects on intracellular reactive oxygen species (ROS)
To determine the protective effect on H 2 O 2 -induced oxidative stress, a 2′, 7′-dichlorodihydrofluorescin diacetate (DCFH-DA) assay was conducted. Accumulation of ROS accompanied with an increase in oxidative stress has been associated with the development of several diseases. Free radicals and other reactive species generated in the human body caused Fluorescence intensities of DCF due to oxidation of DCFH by cellular ROS generated by H 2 O 2 were detected after 2 h (Ex = 485 nm and Em = 535 nm). Different letters above bars indicates significant different from control oxidative damage to biomolecules including nucleic acids, proteins, and lipids (Jiang et al. 2011) . The formation of intracellular ROS was measured by using oxidation sensitive dye, non-fluorescent DCFH-DA, as the substrate. It penetrates cells and is deacetylated by cellular esterases to non-fluorescent DCFH, which is rapidly oxidized to highly fluorescent DCF by ROS (Veerman et al. 2004) . As shown in Fig. 3a , pretreatment with the FSE and WSE appeared to significantly inhibit the generation of intracellular ROS in a concentrationdependent manner (p < 0.05). The values of relative fluorescence intensity were reduced up to 65.5 and 53.4 % at 1000 μg/mL concentration of FSE and WSE, respectively. In a result of MTT assay, IC 50 values of FSE and WSE were 117.10 and 156.02 μg/mL, respectively (Data not shown). In Fig. 3b , the formation of intracellular ROS was considerably inhibited up to 20.9 and 29.7 % of FSE and WSE, respectively, when treated with a concentration of 100 μg/mL based on MTT assay. It was indicated that WSE was more effective in the protection of cells from oxidative damage by ROS than FSE. Shahidi and Wanasundara (1992) reported that the antioxidant effect was associated with the contents of phenolic compounds existing in plants. The study suggested that phenolic hydroxyl groups of phenolic compounds and flavonoids provided reducing power by donating electron or hydrogen.
Results from the current study imply that FSE and WSE can protect cells from oxidative damage by ROS and be developed into antioxidants to inhibit the formation of intracellular ROS.
Protective effects against DNA damage Martinez et al. (2003) reported that a DNA is another major sensitive biotarget of ROS mediated oxidative damage. DNA damage by ROS can initiate carcinogenesis or beget the pathogenesis of neurodegenerative diseases (Je et al. 2009 ). The protective effects of FSE and WSE against DNA damage caused by free radicals were estimated using plasmid pBR 322 in vitro. The pBR 322 DNA was broken into three formssupercoiled (SC), open circular (OC), and linear form (Linear) -when it was exposed to the hydroxyl radical derived from the Fenton reaction. As shown in Fig. 4 , FSE and WSE showed the protective effects against DNA damage induced by the hydroxyl radicals. The intact SC form of control (Line 1) was entirely converted to the OC form owing to the hydroxyl radical produced from the Fenton reaction by treatment of Fe 2+ /H 2 O 2 (Line 2). Moreover, FSE and WSE dosedependently protected the hydroxyl radical induced DNA damage (Line 3-6). The protective effect of WSE against DNA damage was more effective than that of FSE, which is due to the difference of polyphenol content. Hu et al. (2009a) reported that, as the total phenolic content of Kalopanax pictus Leaf were increased, the protective effect against DNA damage was larger. Hu et al. (2009b) also reported that methanolic extract from Duchesnea indica containing tannic acid was observed to protect SC DNA by 9.23, 71.4, and 92.3 % at the concentration of 100, 500, and 1000 μg/mL, respectively. Besides, Li and Wang (2011) showed that methanolc extract of peach blossom was more effective in protection of DNA damage by ROS than water extract of peach blossom, which had high content of total phenolic and flavonoid in the methanolic extract of peach blossom. Therefore, these results obviously explain the protective effect of the FSE and WSE against oxidative damage of DNA.
Protective effect against protein oxidation
It has been demonstrated that protein damage induced by free radicals provoked aging and the development of other diseases (Du and Gebicki 2004) . This could be introduced by electron leakage, metal ion dependent reactions, and autoxidation of lipids and sugars (Bahramikia et al. 2009 ). In the present study, protein damage was induced by the Fe 3+ /H 2 O 2 /ascorbic acid system. Electrophoretic patterns of BSA in the treatment with the FSE, WSE, and BHT were shown in Fig. 5 . The band intensity of BSA decreased to 47.1 % of the control in the Fe 3+ /H 2 O 2 /ascorbic acid system. A 500 and 1000 μg/mL of FSE repaired the BSA band intensity to 83.6 and 86.9 % of the initial level, respectively. The intensity of the BSA band was recovered to 84.1 and 88.3 % of the control group under the treatment of 500 and 1000 μg/mL concentration of WSE, individually. Similar to the protection against DNA damage, WSE showed somewhat greater protein protection than FSE. However, in the case of positive control, BHT showed approximately 78.2 % protection at 1000 μg/mL concentration. Hu et al. (2009b) also reported that the protection effect of BSA oxidative damage by methanolic extract from Duchesnea indica was even greater than water extract from Duchesnea indica and BHT. Results from the current study suggest that FSE and WSE were more effective than BHT in the protection of protein damage induced by Fe 3+ /H 2 O 2 /ascorbic acid.
Inhibitory effect on lipid peroxidation
Unsaturated molecules such as unsaturated fatty acid abundant in membrane lipid are most subject to oxidative processes induced by the action of free radicals in cells and tissue, resulting in lipid peroxidation (Mayumi et al. 1993) . Kim et al. (2000) reported that the tannins, ellagitannins, and condensed tannins from stem and leaf of Rubus coreanum showed potent antioxidative activities by TBARS. In the present study, the lipid peroxidation inhibitory effect of FSE and WSE in mouse liver homogenate induced by nonenzymatically with Fe 3+ /ascorbic acid was estimated by measuring the TBARS form. The lipid peroxidation inhibitory effects of FSE and WSE were in a dose-dependent manner (Fig. 6) . The lipid peroxidation inhibition of Trolox showed nearly 28.9 and 51.0 % at a concentration of 100 and 1000 μg/ mL, respectively. In the case of WSE, inhibition of lipid peroxidation exhibited 17.9 and 41.7 % at a concentration of 100 and 1000 μg/mL, respectively. However, FSE showed slightly lower activity as 37.2 % inhibition at a concentration of 1000 μg/mL than those of trolox and WSE. Also, the IC 50 values of the inhibitory effect on lipid peroxidation of FSE and WSE were 1255.3 and 1132.1 μg/mL, respectively, indicating that WSE was more effective in the inhibition of lipid peroxidation induced by Fe 3+ /ascorbic acid than FSE. These results suggested that the WSE showed a significant anti-lipid peroxidation activity.
Conclusion
Massive quantities of seeds as byproducts are generated during black raspberry juice and winemaking procedure. The results presented here concluded that ethanolic extract of seeds contained significant amount of phenolic acids and flavonoids, resulting in scavenging cellular reactive oxygen species. It is suggested that the byproducts discarded from black raspberry juice and winemaking process may have considerable potential as natural antioxidant, diet nutrient and functional food materials. However, further studies are needed to elucidate specific mechanism by in vivo model.
